distinctive light angles from the camera's point-of-view (see Figure 2) .
We rotate the light source using a turntable and a common light bulb. The pin positions are found by an edge-detection algorithm. By measuring the corresponding pixel values, the light-intensity curves for all pins can be drawn throughout the rotation (see Figure 3) . For each pin we get the highlight angle (the light angle at which the pin shines as the curve peaks). A statistical analysis of highlight angle distribution can detect bent pins. For the detected ones, the delay angle (the difference between the highlight angles of the bent and normal pins) seen in Figure 3 can be measured from experimental data. Using geometrical considerations, we can deduce that the pin defect angle equals half the delay angle. This allows the system to automatically estimate the pin bend angle from the experimental curves.
The setup can automatically test components of various sizes without having to adapt to each case. Satisfactory results can be achieved even with simple, inexpensive components. The current setup can detect defects as small as 1 • and the estimation of the defect angles is reliable within a +/ − 1 • margin. Moreover,
Continued on next page

Figure 2. Light reflection geometry during rotation and projection. The bent pin in the middle does not shine at the same light angle as normal pins from the camera's viewpoint.
Figure 3. Light-intensity curves of all pins (each with a different color) during light rotation.
we have determined that the detection method remains robust even in the presence of small horizontal bends (pins abnormally rotated around the y vector).
In summary, in order to automatically detect bent pins in electronic components, we have proposed an original system based on observing light reflected by the pins during a light-source rotation around the component. So far, the system has proven to be inexpensive, simple, and capable of both automatically detecting bent pin defects and quantifying them. Our next step will be to improve the rotation setup to increase the speed and precision while keeping the tool low-cost.
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